Towards an understanding of the molecular mechanism of solvation of drug molecules: a thermodynamic approach by crystal lattice energy, sublimation, and solubility exemplified by hydroxybenzoic acids.
Temperature dependencies of saturated vapor pressure and heat capacities for the 2-, 3-, and 4-hydroxybenzoic acids were measured and thermodynamic functions of sublimation calculated (2-hydroxybenzoic acid: DeltaG(sub) (298) = 38.5 kJ/mol; DeltaH(sub) (298) = 96.6 +/- 0.8 kJ/mol; DeltaS(sub) (298) = 191 +/- 3 J/mol . K; 3-hydroxybenzoic acid: DeltaG(sub) (298) = 50.6 kJ/mol; DeltaH(sub) (298) = 105.2 +/- 0.8 kJ/mol; DeltaS(sub) (298) = 180 +/- 2 J/mol . K; 4-hydroxybenzoic acid: DeltaG(sub) (298) = 55.0 kJ/mol; DeltaH(sub) (298) = 113.3 +/- 0.7 kJ/mol; DeltaS(sub) (298) = 193 +/- 2 J/mol . K). Analysis of crystal lattice packing energies based on geometry optimization of the molecules in the crystal using diffraction data and the program Dmol(3) was carried out. The energetic contributions of van der Waals, Coulombic, and hydrogen bond terms to the total packing energy were analyzed. The fraction of hydrogen bond energy in the packing energy increases as: 3-hydroxybenzoic (29.7%) < 2-hydroxybenzoic (34.7%) < 4-hydroxybenzoic acid (42.0%). Enthalpies of evaporation were estimated from enthalpies of sublimation and fusion. Temperature dependencies of the solubility in n-octanol and n-hexane were measured. The thermodynamic functions of solubility and solvation processes were deduced. Specific and nonspecific solvation terms were distinguished using the transfer from the "inert" n-hexane to the other solvents. The transfer of the molecules from water to n-octanol is enthalpy driven process.